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HEWK BIAOHER L YEEAOIGH

75 1) S RREC 33 B FedoryukE 5

BoHBAPETYE FHF =
Minoru NAKANO

§1 %y SME
Y, Z’éﬁ%&n E’QIE(D’J\é’UI)\"'JJl“Q BT%E%)

d?y
dz?

2

€ — {po(z)+epi(z)}y =0, lzlSzo0, 0KeSeo (1)

LHNT, po(2)DBERW)DEY A (EBH) & IR, —RS, (1) oMz HEIE
D:lzlszo T—HKXDZIREEZBEEMNF VW, 22T, DE2ABHEED.
EABBEED 0228, FRFROFEEICHSWTHEERD, 215 % patching
T20ONEBOAIETHS ( matching method ) o

Dolc 57 3MYo (SEM) REZCRDSNZ M, DicsIT2RY, (RSEEH) 1

d®y
dx?

~

2

= {po(x)+pi1(x))y =0 (6 :/hERNS2—%) (2)

ORTHY, I x|I<ooTKDBINERZSZWED, po(x)+pi1(x)DES (second
ary turning points) MO & Stokes curves 2FF U EFARBINEBRSER W, 2
DI, pol(x), Pi(x)2EEDOHEKRE L T—MEwERES I LETERW,
ATEXTHL I,

()

d?y

dz?

(po(2)=23, p1(2)=—1DFEETH3,)

Stepl. z=e!Pxt#Hl, Do:Cel3slzlszo (CWEH) =107

2

€ —(z%-¢€)y =0 (1.

| 2 5/2 ~/2
Yo~z%[_g(1) ¥ -”e(?“s‘z +27[, ]

Ditlz]|sCe?® ZhiR|x|SCLEAL, 2hZ | x| <ol2lidbne®
»TDi T3, (Stokes curves it § 3D#I6)



-(x3*-1)y =0 (e=¢19) 2"

ey il 0 I el

Step 2. z=€V3x kN, z=ne!’f, x=ne 18 (Inl=1) LHLE, €0
NDeE, z€Do, XEDiTHBH S5, natching PEJETCH 3 :

L [ec o
Yoll=Y, ¢3¢t M~ expBri/d) e 4 [o € ] (e=0)

©% % (Mpatching matrix & X¥nTuns),

/

Do

|z|::ZO

N‘
[z ]=Ce!?

Ref. Nakano-Nishimoto(9],
Vasow[12] (14].

§2 #HHEWKDBH
RO (2) & 1k Q') RERE 2HDTHL &

ely"—-p(x)y =0 <lx|<°°, 0<e§eo> (1)
OFTHY, ABKEY Q) oFhTHE

y~p(x) 174 exp{:'!:—i—gxp(x)’/z de )

TRENB, QREEWKBETH3,
Fedoryuk & (2) »% double asymptotic property 242z & %2miRU1::



x>0 in Dt (0< e = €o),

1
+ -~ -1/4 —_— 172
y2(x, e)~p(x) exv%: € SP(X) d)% {e—>0 (x €DY),

Dt 2RET3 L HHIHOACEEICLLETHS, D'ND” DIBHANDLD2E
Fedoryuk X45¢EI% (canonical region) &&{di¥1c. (secondary) turning points
DR o DEFI- LTIt région propre ( Hukuhara(5] ) &—FT3,

Ref. Evgrafov-Fedoryuk [2].

§3 fFtEwWIK
PSR turning point xo 653 Stokes curve

Reg" p(x)172 dx
X0

L roTHENKS2EETH S,
$=§(x)=ReSx p(x)72 dx (1)
X0

B, TR x-BEH» 5 §-FEHAD papping TH2, HHUABW ¢ -LHLHE
(cutsMA->TWNB)CHD ¥ N3 L5 x-FHLOFEEDZ L CH 3, Stokes curve
WEoTHENZ x-FELEOFEER, DICX->THI2sn3BRCE-T, kD2
DEATICHE NS,

() ¥FHE %47 (half-plane type)

M k->T, Reb &g Ficld Re§S€o(fo=const.) WHIDINB3x-FH LD
Mk,
(@ HWRR AT (strip type)

Mck->T, £oSReé=§, (0, §1=const.) I3 N3 x-FHEH LOHK,

INED2ODRATDMAIEHLETCW L HrOFPFEIENED NS,
AeH T Lo,

O b (x)BSEROBE
#l1 p(x)=x (Airy equation)

T

Bi=¥(0) ="/ Fax.

Wig +++ Stokes curve.

> @11 $2., $3
Re§ 13 half plane type.
DY,

R0 1 -,



Rex

X
tE={ /x? .

SO x ¢ dx
L' P @4 @3 nd half plane type.

DUD., Dov Dy 9509,, D,v D, Wtsktimi.

I r

%zglmdx,

‘%‘7 S O(Z)q {9 XT half plane type.

Dwde, 90 ds, Pul,, 0D, , 9,09, Witk



fl4  p(x)=a?-x%(a>0)

T

RS

o@, W strip type, {31 half plane type.

@1U®1U®3, @|U$1U %4, %TU@LU w®3) -%SU —(D?—U 94,
D UPs, 9, 0D, WIS

#5 p(x)=(x2—2a?)(x2-b?)(x%—c? (a>b>c>0)

D2, D ;
3, Dy 13 strip type, il < T half plane tyre.

DD, DeuDru Py i (L ERLHD).



&l 6 P(x)=x%-1 (§108)

Imx P

‘§=g’1‘¢7~*?r dx.

D, @; X strip type, {l1}3 half plane type.
D+ U D UDLU DL wistkiilio 1 ¢ s 5.
O p (X)PHERLERHHES

# 1 p(x)=x—% (x =0 IS RS)

Tmx

§=S)1(J—p_(_x_7dx.

D10 D VDU (0,080 & $#k40 (0 1) |

o (X)W, €2y "=(z—c/2)y =0 OHSBEEILT S .

!
RN
72345 matching matrix M I ~ g8 ea .



#l2 p(x)=x— — (x=0RBEHRETH D)

g={ /P
Do Dsr Do strip tyve, 81 half plane type.

BUDUDs, Dyu Dav Dy utstess (=t 55) .

B3 p(x)=x- —  (x=OUFHEHESCHE)

x3

Twx

%1,.?): X strip type, {lilid half plane type.

HWIU9s, D09, WIFHENE (bcbs3) |




Q Stokes curves MPEBICHIT ZWIES
A1 pG0=x= —3  (x=OWFRENHRA)

x5—1=0 OBRDEE, x=0 OFHOBFIIT I3 H, Stokes curve D278
BOEE, OUARESSGHHEW, UL, TORE()OBEKTHNE (turning
points PHREMR->EVHOENT VB S SE) 2V o~ TREHEZTZ I
I3 (EEX ALK,

& 2
d?y

=3 + {1—-q(x)}y =0, (Regge-Vheeler's eq.)

52

53
a(x)= (1= —)(— - -2 (a, B>0),
X X X

x=x+alog{(x—a)/x) (XMBKRENVEEX~X)

(HaAES (75 25— L EHR) HERISI100E11BELY)

-3
d?y 8
2 — =
€ dx? + x(x+1)@Bx+4) alx)ly 0,

3(189x4+924x3+1820x2+1600x +512)
128%2(3x2+7x +4)

q(x)=

( NEZLE THNBHTHR) ABI01ELY)

Ref. Evgrafov-Fedoryuk{2],
Fedoryuk{3],
Nakano([7] .

§4 WKBRDIE
WKBRIKABOMDDETH2H, NIRRT TCHLHORCHBIVHEVWERZLDZ
ENH B,
#l1
d?y
dx?

- A%(x%+1)y =0

). 1>



y(x,A)=(x2+1)"174 exp[— A Sx(x2+1)dx}{l+E(x. A)} (moo{x <)

TH3, E(x, A)2BERIWKBETH2, E(X, AICI-TRLORERHB L
PTED

[E(x,A) | S exp{V(F)2X} -1,

V()= S

_4 J2T 1
3 s B

TH5h56, |E(x,A)] May UUTcsdicid

CIF () ldx = (: | (x2+1)737% {(x2+1)"4)" | dx

IE(x,A) | S exp{V(F)/2A} —15aXx10°2 .

V (F)
2log(1 +a x1072 )

A2

BHIZ, ARIBLEFTATIONUT, A27.02ThWESLTTHY, 2LTARMN.0LT
NI 1%UTTH 3,

g2

2
:Xyz +A2(x+1)2y =0 , y(0)=y(1)=0 OEHHA.

—@BE, p(x)=(x+1)%tHLL

y~(=p) 174 {C; cos(A Sg-p)vzdxncz sin(A S:('—p)l’zdx)}.

vy(©0)=0 kb C;=0.
y(1)=0 &Y
C2
(=p Q)i

1
sin(A So(~p)‘/2dx)}=0.
sin(A S(l)(~p)”2dx)}=0.

. )
)\So(—p)‘/zdx=n7z (n=1,2,3"+*).

1 2
/\=nn[§0(—p)‘/2dx]“= S nr (n=1,2,3:++),
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n 1 3 5 7
A(=2nn/3) 2.0944 6.2832 10.4720 14.6608
Biastg 2.0604 6.2691 10.4632  14.6545
Error (%) 1.63 0.23 0.08 0.04

Ref. Olver [11],
Nayfeh[10]

§5 $EERITS

Fedoryuk X §20 (1) D p (X)PZHEANE S, H2BMEBICHT 2 HER L b
ORHMHEISICH I 2RER oMo "BHR " 2702 VTR TARESxTVE, &

OUERTRBOESEE JEN, Z0OITARELEITH (connection matrix) W,
ESTI IS HEBORIC - T4 BHICHE Y h 3,

(us,vy)' 2HHEEDICHT 2REHISBOML T2 L &, BERITAIQR

PaEary)

TH3, (LATOETW, Stokes curves REHRTHNWTH B, )

DUD.UY, =D, A0 DU =D,

Dlt DZliﬁﬁ%Eiﬁ‘ci)%o Ca)&%. (ulvvl)' ‘i (S’XO:DI) '@ﬁ‘gﬁ‘ﬁw":)ﬂ
Z, AES, (uz,v2)' & (S,x0,D1) THEST LN (EH3) o
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(Ui, v)' & (S,%x,,D) T, (uzva)' % (S,x,,D) CEEBMET2 L

)= () flam () tamvat

Vi
L :x\bwf ovg P ‘JI‘ avq P74 o= S; JPondx=T,.
e s res” !

g)\UQ}:U@3:L dﬁ&ﬁiﬁ‘?&)b: (UJ. V.})t é(SJ»XJ,D) Ti%%%tﬁ‘at
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U Wj 'ﬂ i%fwa 3)(totdﬂmtﬂm
)=l ) =, e

Dw @,}:D.‘ QXUQB:T).L,
D0 D, = D, RUKBRTHS.

=) -

(uJIVJ)' E(SJ'XO'DJ) Tiiz)ﬁt?.%t

’K . .
Ui _ 01, “‘) Q,=6" ( ‘> 0(E) (uyeUny Va=Va),
= - 0
V°'4,| Vi ’ 1 .
-, turning point @ order M1OBETHB, order ¥mal niBeR

mT e —lLQW\flnE; 1
TS Zima 1) 1+ 0(8).
Q —_ e'l.(f'\“?-)
4 \ 0

Evgrafov-Fedoryuk (2] ¢}, Th 6504 BHOTHT, p(x)PEHKXOES, xFH
2HRICHUIRBOBARMELINZ I LE2RLTVS, (p(x)MHEMHEOIESKY
ISHTE2TH3 9, )

§6 EEITIIDISHE

y"=ANp(x)y=0, y(—) =y(0)=0, p(x)=x2—a? (a>0)

OB H A OWTLTS

1 o
t\=—Z—(n+ E——)+O(n") (n—o0), O“'S_;‘ P {xTdx.

B HBOITHNEANTRNTH LI



Stokes curves W OETHERTREINT WS (cf. §3DH3) .
v=Ey (X, ANy (o0, A)=0 2T & BHERy (-, A)=0 ho5EDLND,
Di=DU D, Du=9,00,, Di=9,u 0, whksicsy, WKBES
X
| AN TP dx
e
TN AT Ax
T = VI, A
“p { )

tHlLE,
(UI(X)A)r VI(X,A))‘ é (Slia»Dl) T’E*%Bgt?‘ﬂtﬁ. u,(oo,,\):oo,

VI(OO' A)=o ib
y(x,A)=Cvi(x,A) (C =const.)

EMTBEDS, vi(x,A)EDH, KERLBZTAEESZ WV, ZIT(uz, va)' 2
(SZ,a’DZ) _C' (Ll:i, VS)‘ &(SZ’_a»DZ)?‘v (u4’ V‘)‘ %(SS)-alD:i)
TETZRETZ L,

= () =) (=22 ()

(QY £ Q2 WHIiDQsRAT)

4 Sl/
THENH, " YR K
i A
M? (2) 1) l-/(| o \\ ‘/ t
(v >= (. &) (v , TR
K l ‘ g3 \\

(s
(4
i

4 o)

. Ti [~k 1 =0 e
ﬂk): eT ( , )+O()\‘) (k:‘l,?-),ﬂq_—<e—iok/\ o )

TH3h ~
5 T . <—2/L CoS AN e A

(2) 1) . -1
Q :Q4Qz Q4 = e’o" eld?\ ) +O()\ )

AW ( e e oy

e Y {é{‘% ey O(N‘U}ufr{é?”‘u cosou\JrD(x’)} Vel

D THRCEBBE, vilx, A)ORE=0 DiFE,
cosaA=0(A"Y)

= a1l 40m ) (oo,
a 2

Ref. Evgrafov-Fedoryuk (2]
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§7 3FEHENX

SHEMAHEROWK B 2 SBOBSICHRLTA LI,
e3y"+e?pi(x)y"+tepa(x)y ' +pa(x)y=0 1)
DFFHHERE
AP+ pi(x)A%+pa(x)A+pa(x)=0
THY, TOR Ai(x), A2x), As(x)zfetiiRe Xi¥d,

Ai(x)=Ax(x) (J#Kk) OFHxo0% turning point,

Regx {As(x)=Ax{x)}dx =0 % Stokes curve & LRI &IZT 3B,

X0

DoEXBERDZ L, Y0 {EH» 25

vi(x, e)~ expl —i——-gx(/\;(x)+e Ay (x)) dx] (=1.2,3) @)

DEZELTNB I ENOND, 1FIZ, pik pHEBOES

{ 1 X
yi(x, e)~ = o= exp[e—g As(x)dx] 3)

OHTH2, THhIIZ2HEDBEOWKBEEYY YU THB, 22T, (2L (3)% 3K
DBEESOWKB L IATHLELIZARWVWTHS S,

(32m) Myi(x,e) (i=1,23) OBMIBHORYI> HHEHEDeT3L %,
D'ND2NDY ML &5, ’
BEDEFI2HE L ERZ L BRICEMIBENBSEICR S,
M¥rHATELTAHALD,

Bl ely"'—e?xy"—ey'+xy=0

HHEEER AS=x A%2= A+ x=0
L E1e i Ar=1, Az=—1, Asz=x
turning point x=1, —1

MW T 28T yi=exp(x/€), AT 28T y=exp(—x/€)e THHI
HORTHD, LIcH-T, FEFREDY=D?=R?,

vaDFERIED32KD & 5,
= X — 24 = X2 T _l_
54 Sl(/\a Ad)dx 5 +x+2
1 - -
=E—{(u+1)2"vz}+iv(u+l) (x=u-+iv).
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0, u=l1.
0, u=-—1.

v

Inx(v)

=0 &9

In§,

=0 &0 v

In€»

—1)9
+(u+1),

0 &9 v=+%(u

Re&2=0 X v

Re &,

s 5 =2 M )
it N \ 8 ) -
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IN6400, yaWWKBE exp(2x%/2/3¢) 2R E T3HERBD c5 3,

SODEY 1, v, yNARCHEETIEEISHHEETH 2 », DL DI FEHS
hTHzhs, KB, HHRIEIDY -T2,
'CQﬂTH,ﬁ®$QZObOZE#6.%Ul?@%@ﬁﬁﬁ%%“%ﬁﬁfiw
B, —MRICIZ, Cardano DARTHERERTI LI 326, BEY 1 RAOELT
T6H, PRYEHICILS, Stokes curves bELB I LN H 3,

Ref. Nakano-Namiki-Nishimoto[8].
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